Introduction {#S0001}
============

Dental implant-supported prosthesis is known as the nearest equivalent replacement to the natural tooth and has been proven to have a predictable and reliable therapeutic effect for missing teeth.[@CIT0001] According to the European Association for Osseointegration consensus conference in 2015, replacement with a single implant-supported crown was more cost-effective compared with a fixed bridge or removable partial denture.[@CIT0002] As a widely accepted therapy for the functional rehabilitation of dentition defect, substantial numbers of studies have confirmed the high survival rates of fixed implant-supported prosthesis.[@CIT0003]--[@CIT0005] However, nonfunctional parameters such as aesthetic outcomes and patient satisfaction were underexposed. Patient satisfaction after treatment with implants was prone to be affected by the disparity between extremely high expectations and the the final outcomes.[@CIT0006] With the increasing popularization of dental implant awareness, the shortcomings of implant treatment become more easily to understood or accepted by patients. Nonetheless, it was difficult to balance patients' expectation and the dentists' evaluation of occlusal function as the specific propaganda and education for patients were limited. The priority of the general therapeutic plan was the preservation of implants and the prevention of peri-implantitis, while patients were more prone to take comfort and aesthetics into consideration.[@CIT0007] Therefore, it is crucial to investigate the factors which could affect patient satisfaction and the implant treatment plans supported by dentists.

Although implant-relevant pain and inflammation could reduce patient satisfaction in an advanced stage of peri-implantitis,[@CIT0008] the assessment of actual feeling for asymptomatic patients after implant treatment was still a challenge. With the absence of periodontal ligament feeling , the specific feeling and chewing efficiency of the dental implants was different compared with natural teeth.[@CIT0009] In addition, the implant placement surgeries under local anesthesia bring operative trauma to some extent, and the patients who received bone augmentation during dental implant surgery have an even longer operative time and a higher risk of complications.[@CIT0010] However, the relationship between influencing factors and real-time feeling in the implant therapeutic process was rarely investigated. Of note, complications, masticatory function, and aesthetics are also correlated factors affecting comfortable perception and satisfaction of patients. Like most surgeries, pain, swelling, and length of operative time could compromise patients' experience during implant surgeries.[@CIT0011],[@CIT0012] Moreover, the job competency and the attitude of dentists have significant influences on patients' first impression. Exploring the most relevant factors is essential to improve patient satisfaction, which could subsequently lead to better compliance during dental implant treatment.

Therefore, it is urgent to investigate the influencing factors of patients' satisfaction, which can help us to optimize the implant therapeutic process, improve the relationship between dentists and patients, and reduce the occurrence of medical disputes. Overall, the aim of this study was to evaluate the clinical influencing factors during the therapeutic process and improve the clinical experience properly.

Patients and methods {#S0002}
====================

Inclusion and exclusion criteria of participants {#S0002-S2001}
------------------------------------------------

Inclusion criteria: all patients were at least 18 years of age with single tooth loss for at least 3 months. The patients received single implant treatments between February 2016 and March 2018 in the Oral Implantology Department of Nanjing Stomatological Hospital (NSH), Medical School of Nanjing University. Patients had bone-level implants inserted by a 2-step surgical procedure and agreed to provide informed written consent and timely follow-up in the study plan. Exclusion criteria: patients who had received implant treatment before this study and who were unable to comply with all study procedures, such as if they had severe periodontitis, systemic diseases, history of chemotherapy, head and neck radiotherapy, smoking history, and needed immediate implant placement, were excluded. Patients matching the inclusion criteria numbered 450, and, finally, a total of 373 participants who completed questionnaires were enrolled and their data were evaluated in this study.

Implant surgery protocol {#S0002-S2002}
------------------------

Dental implant surgeries were conducted based on the protocols of different implant systems, after routine blood test, radiographic screening, and periodontal treatment. Briefly, patients were instructed to gargle with the iodophor detergent for 1 min and anesthetized labially by local infiltration injections. Then, plant holes were prepared using graduated diameters after the flap surgeries. When required, bone augmentation was performed to produce enough bone mass to place the implant simultaneously. Thereafter, all patients were asked to use compound chlorhexidine gargle daily within the 14 postoperative days and take antibiotics for at least 3 days after surgeries. In general, the healing time before ultimate restoration was 4 months for patients without bone augmentation procedures, and 6 months for those with bone augmentation procedures simultaneously. After the osseointegration period, the implant prostheses were loaded and the results were presented according to radiological evaluation and a 1-year follow-up. During the entire treatment course, patients were asked to complete the questionnaires at preoperation (Phase 1), postoperation (Phase 2), crown completion (Phase 3), and follow-up (Phase 4), respectively.

Ethics {#S0002-S2003}
------

This study has been approved by the Institutional Review Board of NSH, Medical School of Nanjing University. All participants entered the study voluntarily, following an explanation of its purpose. Each patient signed informed consent on the first page of the questionnaire, and the privacy of the patients was ensured.

Questionnaire design {#S0002-S2004}
--------------------

The questionnaire covers participants' information including name, gender, age, educational level, and telephone number and their satisfaction score based on a visual analog scale of 1--5. According to the Oral Health Impact Profile-14 questionnaire,[@CIT0013] the oral implant impact profile questionnaire (OIIP-Q) was reorganized to contain 15 questions (Q1--Q15) related to satisfaction with the dental implant. All participants were asked to disclose the level of impact on visual analog scales where '1' = unsatisfaction to '5' = satisfaction. There was an open-ended question at the bottom of the OIIP-Q reported in Phase 4, which was "What was the most concerning aspect that affected your satisfaction in the implant treatment?" The procedure of analysis is shown﻿ in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flow chart of the factors for patient satisfaction.

Statistical analysis {#S0002-S2005}
--------------------

The data were summarized and analyzed using SPSS software (version 19.0; IBM Corporation, Armonk, NY, USA). Descriptive statistics were used for the sociodemographic characteristic data. Scores for the OIIP-Q were presented as mean±SD. Factor analysis was also conducted by Kaiser--Meyer--Olkin and Bartlett's tests. Independent sample *t*-tests and one-way ANOVA were used to compare differences between different groups. The significant level was confirmed by *P*\<0.05.

Results {#S0003}
=======

Sociodemographic characteristics and distribution of population {#S0003-S2001}
---------------------------------------------------------------

The characteristics of the participants are shown in [Table 1](#T0001){ref-type="table"}. From a total of 450 respondents, 178 males and 195 females agreed and completed the OIIP-Q, and the response rate was 82.89%. The mean age of participants was 43.66±14.33 years. The percentages of participants were 50.9% over 45 years old, 29.76% between 30 and 45 years old, and 19.30% less than 30 years old. Of the total 373 participants, there were 55 postgraduates (14.75%), 156 college graduates (41.82%), and 162 below the level of professional education (43.43%). With regard to their implant operation, the rate of patients with bone augmentation was less than those without (12.60% vs 87.40%). As for the type of prosthetic restoration, 210 participants (56.30%) selected all-ceramic crowns and the others (43.70%) chose porcelain-fused-to-metal crowns (PFM). Regarding the period of teeth loss, 75 patients (20.11%) were less than 1 year. In addition, 118 patients (31.64%) were assigned to junior dentists and 255 (68.36%) to senior dentists for treatment. According to implant positions, there were only minor implants (0.81%) placed in the mandible anterior area, possibly owing to fewer single implants in this area.Table 1Demographic variables studied according to simple countVariableFrequency \[n (%)\]**Gender** Males178 (47.72) Females195 (52.28)**Age (years)** 18--2972 (19.30) 30--45111 (29.76) \>45190 (50.94)**Age (mean±SD)**43.66±14.33**Educational level** Professional education or below162 (43.43) Bachelor156 (41.82) Postgraduate55 (14.75)**Bone augmentation** With47 (12.60) Without326 (87.40)**Type of prosthetic restoration** All-ceramic210 (56.30) PFM163 (43.70)**Period of teeth loss** \<1 year75 (20.11) 1--2 years184 (49.33) \>2 years114 (30.56)**Qualifications of dentist** Junior dentists118 (31.64) Senior dentists255 (68.36)**Implant position** Maxillary anterior teeth71 (18.60) Mandible anterior teeth3 (0.81) Maxillary premolar45 (12.13) Mandible premolar20 (5.39) Maxillary molar79 (21.29) Mandible molar155 (41.78)[^2]

Fifteen-item questionnaire (OIIP-Q) for the assessment of patient satisfaction {#S0003-S2002}
------------------------------------------------------------------------------

Nearly all items regarding the level of patient satisfaction with implant treatment were scored positive (mean scores\>4). As shown in [Table 2](#T0002){ref-type="table"}, the mean satisfaction score ranged from 4.44 to 4.75 in the 15 items, suggesting that single implant treatments for missing teeth met the expectations of patients. The highest score was presented by those who were given the preoperative introduction by dentists (4.75±0.56) in NSH as they could enjoy excellent preoperative evaluation and education of dental implants. The dental professionalism score (4.74±0.54) meant favorable dental professional literacy. The lowest scores were given from those with foreign body sensation of implants compared with their natural teeth (4.44±0.77), indicating that there was still a feeling distinction between dental implants and natural teeth. In addition to what was mentioned above, the other two higher satisfied items were the comfortable feeling with dental implants (4.69±0.65) and restoration of chewing ability (4.68±0.65). These data demonstrated that dental implant treatment has become a preferable choice for the patients with missing teeth. In contrast, the two unsatisfied items, in order, were soft-tissue edema (4.52±0.70) and postoperative pain (4.52±0.73), suggesting that postoperative reactions were the major uncomfortable factors. The similar inquiry for the feeling of pain during the implant operation (4.64±0.65) got a higher satisfaction score compared with that of postoperation and soft-tissue edema, meaning the local anesthesia technology was effective in dental implant surgery. To check the internal consistency of the statements comprising items of all questions, Cronbach's alpha was tested and the value was 0.93, indicating that all questions have excellent reliabilities. The Kaiser--Meyer--Olkin measure of sampling adequacy was 0.955, and Bartlett's test of sphericity was significant (χ^2^=2,872.499, degrees of freedom=105, *P*\<0.001), implying high appropriateness in the satisfaction score with various aspects of implant treatment. Additionally, the mean±SD of overall satisfaction was 69.96±7.10.Table 2Oral implant impact profile questionnaire pertaining to satisfaction score with various aspects of implants (n=373)Time periodItemMean±SD**Preoperation (Phase 1)**Q1. How do you feel with the introduction by dentists before treatment with implants?4.75±0.56**Postoperation (Phase 2)**Q2. How do you feel pain during the implant operation?4.64±0.65Q3. How do you feel with postoperative pain?4.52±0.73Q4. How do you feel with the duration of operative time?4.56±0.68Q5. How do you feel with soft-tissue edema?4.52±0.70Q6. How do you feel with the duration of wound healing?4.60±0.70**Crown completion (Phase 3)**Q7. How do you feel with the duration of waiting for the final restoration?4.57±0.69Q8. How do you feel with the color of your implant crown?4.54±0.68Q9. How do you feel with the implants compared with natural teeth?4.44±0.77Q10. How do you feel with the trouble of oral hygiene maintenance?4.60±0.68**Follow-up (Phase 4)**Q11. How do you feel with the cost of implant treatment?4.56±0.65Q12. How do you feel with chewing ability?4.68±0.65Q13. How do you feel comfortable with implant teeth?4.69±0.65Q14. How do you feel with food impaction?4.64±0.74Q15. How do you feel with dental professionalism?4.74±0.54**Overall satisfaction**69.05±7.10

Variables affecting implant overall satisfaction scores of patients {#S0003-S2003}
-------------------------------------------------------------------

As shown in [Table 3](#T0003){ref-type="table"}, the overall satisfaction score of patients with bone augmentation was lower than that of those without, and there was a significant difference between them (*P*\<0.001). However, there were no significant differences for gender, type of crown, and qualifications of dentists in overall satisfaction scores (all *P*\>0.05). The result of one-way ANOVA demonstrated that the value of satisfaction score decreased with a longer period of teeth loss. Notably, the overall satisfaction score in patients with a shorter period of teeth loss (\<1 year) was slightly higher compared with the other two groups (*P*\<0.05). However, the overall satisfaction scores for age, educational level, and implant position showed no significant differences in different groups (all *P*\>0.05).Table 3Overall satisfaction score (questionnaire) of patientsVariableScore (mean±SD)*t*/*FP*-value**Age group (years)** 18--2969.58±5.85*F*=0.3860.680 30--4568.81±8.16 \>4569.49±6.90**Gender** Male69.19±7.19*t*=--0.3120.755 Female69.42±7.05**Bone augmentation** With66.13±5.93*t*=--3.3220.001\* Without69.76±7.15**Type of crown** All-ceramic69.23±6.61*t*=--0.2330.816 PFM69.40±7.73**Qualifications of dentist** Junior dentists69.10±6.90*t*=0.3760.707 Senior dentists69.40±7.21**Educational level** Professional education or below69.38±6.95*F*=1.3430.262 Bachelor69.73±6.50 Postgraduate67.91±8.96**Period of teeth loss** \<1 year71.43±4.28*F*=4.4020.013\* 1--2 years68.95±7.65 \>2 years68.49±7.46**Implant position** Anterior teeth69.49±4.31*F*=0.6470.524 Premolar70.12±6.56 Molar69.31±7.11[^3]

Bone augmentation and period of teeth loss affecting patient satisfaction with dental implant treatment {#S0003-S2004}
-------------------------------------------------------------------------------------------------------

The more complicated procedure of bone augmentation and the movement of residual natural teeth in different periods of teeth loss are shown in [Figure 2](#F0002){ref-type="fig"}. According to the results shown in [Table 3](#T0003){ref-type="table"}, bone augmentation and the period of teeth loss were the correlative variables which affected the overall satisfaction score of patients with dental implant treatment. Moreover, in order to subdivide the elements influencing satisfaction, 15 questions were categorized according to the following elements: dental professionalism, pain and complication, duration of operation and healing, aesthetics and psychology, chewing and function. As shown in [Table 4](#T0004){ref-type="table"}, there was a significant difference in pain and complications between the patients with bone augmentation and those without (11.80±1.46 vs 13.96±1.60, *P*\<0.001), implying that the bone augmentation procedures have a great contribution to the decrease of satisfaction score. Similarly, a significant difference was observed in elements such as the duration of operative time and healing response. Notably, the satisfaction score for patients with bone augmentation was lower than those without (12.55±1.55 vs 13.90±1.61, *P*\<0.001), meaning longer operating and healing time decrease the favorable impression of dental implant treatment. The result of one-way ANOVA demonstrated that there were three elements affected by the period of teeth loss: duration of operation and healing (*P*\<0.05), aesthetics and psychology (*P*\<0.05), and chewing and function (*P*\<0.05). It is noteworthy that the patient satisfaction score decreased with a prolonged period of teeth loss.Table 4Elements of satisfaction score analysis for bone augmentation and period of teeth loss variablesElement of questionsVariableScore (mean±SD)*t*/*FP*-value**Dental professionalism (Q1+Q15)Bone augmentation**\
*t*=--0.289\
0.773With9.44±0.80Without9.49±0.95**Period of teeth loss**\<1 year9.71±0.59*F*=2.9900.0521--2 years9.44±1.01\>2 years9.40±0.95**Pain and complication (Q2+Q3+Q5)Bone augmentation**With11.80±1.46*t*=--8.730**\<0.001\***Without13.96±1.60**Period of teeth loss**\<1 year14.06±1.38*F*=2.4020.0921--2 years13.64±1.76\>2 years13.51±1.89**Duration of operation and healing (Q4+Q6+Q7)Bone augmentation**With12.55±1.55*t*=--5.386**\<0.001\***Without13.90±1.61**Period of teeth loss**\<1 year14.19±1.23*F*=3.818**0.023\***1--2 years13.66±1.74\>2 years13.55±1.74**Aesthetics and psychology (Q8+Q9+Q10+Q11)Bone augmentation**With18.05±2.17*t*=--0.2960.768Without18.15±2.17**Period of teeth loss**\<1 year18.75±1.59*F*=3.752**0.024\***1--2 years18.01±2.30\>2 years17.95±2.24**Chewing and function (Q12+Q13+Q14)Bone augmentation**With14.02±1.67*t*=0.0620.951Without14.00±1.73**Period of teeth loss**\<1 year14.45±1.07*F*=3.303**0.038\***1--2 years13.93±1.84\>2 years13.83±1.85[^4] Figure 2The differences in the bone augmentation group and the period of teeth loss group. (**A**) Implant placement with (a, b, c) or without (d, e) bone augmentation. (**B**) Typical X-ray pictures of the period of teeth loss in different patients: (f) the period of teeth loss was less than 1 year; (g) the period of teeth loss was 1--2 years, there was a tilting of adjacent teeth; and (h) the period of teeth loss was more than 2 years, elongation of paired jaw teeth, tilting of adjacent teeth, and insufficient repair space are obviously shown.

The most concerning aspects of dental implant treatment {#S0003-S2005}
-------------------------------------------------------

In order to fully understand the most concerning aspects for patients with implant-supported single crowns, the open-ended question "what was the most concerning aspect that affectedyour satisfaction in the implant treatment?" was listed at the bottom of the OIIP-Q. The distribution of answer to the questions is showed in [Figure 3](#F0003){ref-type="fig"}, with most of the participants (40.70%) concerned about the survival time of implants, hoping the dental implants could be permanent with good retention and resistance. Approximately 20.49% of the participants considered that the success rate of the implant treatment and 15.36% considered the mastication function was of great importance, respectively. A total of 10.24% of participants considered aesthetics as their principal concern, most of whom received single implants in the anterior position of jaws (81.58%), while only 8.63% of respondents thought food impaction was the most concerning aspect, and 4.58% answers covered the expenses, pronunciation, occlusion, and swallow function.Figure 3The distribution of responses to the open-ended question. The open-ended question at the bottom of the OIIP-Q was "what was the most concern aspect that affected your satisfaction in the implant treatment?" N=373.

Discussion {#S0004}
==========

Dental patient satisfaction is one of the important items for evaluating clinical services,[@CIT0014] so understanding and measuring its priority to the treatment appears to be essential for dentists to improve clinical outcomes. Usually, satisfactory patients have better compliance, the same as the rate of follow-up. Generally, a large proportion of treatments that patients received from dentists were tooth extraction, root canal treatment, and removable partial denture.[@CIT0015]--[@CIT0017] However, with the development of implantology, dental implant treatment has become a more convenient treatment to restore missing teeth and improve the patients' quality of life.[@CIT0018] Despite the forms of studies assessing the extent of patient satisfaction varying in the implant therapeutic process, they were all mid-term and long-term evaluations.[@CIT0019],[@CIT0020] What matters most was that these forms may have a potential problem to ignore real-time feelings of patients. In order to enhance the comprehension of the implant satisfaction, both patient-related and implant-related factors were investigated in four phase within our questionnaire design. Thus, the most relevant factors contributing to dental implant satisfaction during different periods would be determined in our study.

It is well known that evaluation of dental implants includes many parameters, such as aesthetics, comfort, functionality, longevity, hygiene, presentation, and psychological satisfaction.[@CIT0021]-[@CIT0023] Only patients with an implant-supported single crown by a 2-step surgical procedure were enrolled in our study, as those with multiple defects need longer operative time, more complex restorations, and even more complicated bone augmentation were excluded. Besides, those who revealed extremely high satisfaction scores on immediately loaded implants because of the shorter curative time were also excluded.[@CIT0024] According to multiple factors in different periods of implant treatment, the OIIP-Q was designed. Based on the OIIP-Q, the lowest score was obtained for patients who insisted that the significant difference between dental implants and natural teeth was possibly due to the absence of the periodontal ligament and baroreceptors of implants. This indicated that patients were more prone to occlusal overloading during the usage period of implants.[@CIT0025] Although implantation had a lower pain level during bone and soft tissue manipulation compared with surgical impacted tooth removal or apicectomy,[@CIT0017] persistent postoperative pain and soft-tissue edema were important factors responsible for the reduction of patient satisfaction. In order to eliminate discomfort during the surgical procedure, flapless implant insertion and computer-guided implant surgery were applied in some cases, which could help in reducing postoperative pain and edema, as well as the operative time.[@CIT0026]--[@CIT0028] Thus, a minimally invasive and precise operation would be of considerable significance in dental implant treatment.

We also assessed the sociodemographic variations across the overall satisfaction score, as demonstrated by the results of univariate statistical analysis that bone augmentation and the period of teeth loss was directly related to overall satisfaction. For example, the less bone augmentation, the better feelings of pain and complication, and a more positive evaluation of the operation and healing time was positively related to the overall satisfaction score. In the past, bone augmentation was an essential method to acquire enough bone mass for an atrophic alveolar ridge. However, with the rapid development of implant surface technology inserting, a short implant without bone augmentation has also gained high success rates.[@CIT0029],[@CIT0030] On the other hand, some patients who need bone augmentation can choose internal sinus floor elevation with fewer traumas in the posterior maxilla.[@CIT0031] Meanwhile, patients with a shorter period of teeth loss were inclined to shorten the duration of operative time and healing and to restore the feeling of aesthetics and psychology as well as chewing function. Notably, loss of teeth has negative influences on alveolar bone preservation, causing a lack of alveolar ridge dimension and volumes in the vertical, horizontal, and transversal directions.[@CIT0032][@CIT0032] In addition, prolonged absence of teeth can lead to changes in the dentition, elongation of the paired jaw teeth, tilting of adjacent teeth, insufficient repair space, and retraction of the alveolar bone. Facing these adverse changes, dentists cannot but grind the adjacent or the paired jaw teeth. Accordingly, the final implants will produce frustrating outcomes such as food impaction and gingival recession. Nowadays, there are many ways to get information in the modern world. However, patients often acquire insufficient information regarding dental implants.[@CIT0033] Therefore, it is necessary to improve public awareness about the disadvantages of missing teeth through various ways, such as oral health education and stream media. What is more, it is preferable to apply technologies such as immediate implantation and extraction site preservation to reduce the alveolar bone loss.[@CIT0034]

Although many factors would affect satisfaction of patients who underwent reconstruction by implant treatment, with or without bone augmentation and the period of teeth loss seem to be more related. Besides, we still want to know the specific aspects of implant treatment that patients are mostly concerned about. At the end of the OIIP-Q, we designed an open-ended question and the results showed that the success rate and survival time of the implant took up a great proportion. Therefore, to ensure the success of implant surgery, a dentist should decrease the complications, reduce the peri-implantitis, and confirm the stability of the implants' osseointegration. In addition, the variables of mastication, phonetic, comfort use, and retention issues showed lower satisfaction in patients with implant-supported fixed partial dentures in a past study.[@CIT0035] In our study, the variables of mastication function, aesthetic effect, and food impaction of patients who underwent dental implant treatment also occupied a medium degree of attentiveness. All of these results suggested that undesirable mastication, nonaesthetic crowns, and insufferable food impaction could cause discomfort and worries from patients. Thus, dentists should help patients in overcoming their worries which could cause stress and discomfort by rational implant design and humanistic care.

On the other hand, some patients with inaccurate perceptions and unrealized expectations found it difficult to achieve excellent treatment results for dental implants,[@CIT0036] so it is important for these patients to establish practical desires of implant treatment in a reasonable and efficient communication way.

Conclusion {#S0005}
==========

The results of this study showed that bone augmentation and the period of teeth loss were correlative factors affecting patient satisfaction, and the success rate and survival time of implants were the two important considerations for patients with dental implants. As a result, it is essential to raise the general awareness of oral hygiene as early as possible and optimize dental implant therapeutic processes as much as possible, both of which are conducive to enhancing patient satisfaction with dental implant surgery in the stomatological hospital.
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